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ABSTRACT

This paper stresses the rapidity of chan:e in today's world and under-
scores the nucessity of learning to live with change. It points to probable
future growth in the worldwide need for ocean transport and proedicts the
relative iuportance of various kinds of ships in meeting those needs.

Trends in ship production technicues receive attention, s does the probable
future demand for air cmshion vechicles, hydrofoil craft, and other novel
tyoes of marine vehicle. The problem oi air freisht competition is discussed
hriefly., The plice for education and research.in a changing world receives
particular emphasis. ~

WilY AT PRADICTICNS?

No one can sretend to know the future, or even to speak of it in a
coripletely unbinsed manner. ‘levertheless, as several observers (1-3)% have
pointed out, these are rapidly changing.times. The engineer, businessman,
or government official who fails to plen for change will inevitably make bad
decisions. I do not mean to imply that rccognizing tre inevitability of
chanrye will automztically lead to good decisions. There are still great
risks in asny venture, but the most successful decision niaker will be the
one v.o most often corrcctly guesses what the chinges will be.

There nre three initricutely rcelaoted cotegories of chenge that affect
the future of merchent ships: changing commercial needs, changing political
influences, and changzing technological capabilities. This paper is concerned
almost exclusively with the lust cateyory:s technological cupabilities. Ve
shall look at the ships themselves, their general confijsurations, how they
are operated, and how they are put to . ether. e shall also 1lsok at some of
the related, contributin, technologies such as wmaterials of construction and
analytical technigues. ie shall examine the osotential role of air cushion
vehicles, hydofoil craft, cargo subsnavines, cutamarans, and other advanced
marine vehicles, as well as airfreight competition.

Let me close this introductory section on shat may sound like a parochial
and selfish note. ZEngineers, above al., should favor and promote techno-
logical progreas. Without progress, there wuld be no neced for engineers,
Industry and . overnment could do very well without us. e, as a profession,
i re necded only under changing conditions. Indecd, tiie Society of Kaval
Lrechitects of Japan, like all other tociinical societies, exists primarily
to foster tuchnological change and thus porosote the welfare of its members
along with the welfare of society. The spectualar risec of the Jupanese
maritine industry since Jorld war II offers zmple testimony to the thesis
that technological advuncement brings prosperity to the industry, to the
individual, and to the nation. I con only presume that the Society of Hzval
Architects of Jupan deserves much credit Zor th:e pserlews position that
Japan now holds as o world maritime power.

JORLD RAUSPOQT HNuBEDS

Wise cngineers, bafore they under:ake & design, try to understand
the useful purpose of that wiidich they intend to produce. In our case, then,
we want to undersitand at least a little zbosut world shipping needs.

A prominent shipowner has been quoted as saying that God must be a
shipowner; he yut none of his raw moterials where they were needed. vince
two-thirds of the globce is covered with .ater, it follows that overseus
tronsoort is necessary to our civilization. It is true that some m.sguided
individusls have implied that God may be in the airfreight business, rather
than the marine transport business. That is a heresy that we shall put down
in & later section.

If we 1look atb @ world map we find trat Japan, the United States, and
Jestern Lupope :re the world's leudin, centres of industrial production.
These three centres coiribute the preponderance of the mznufuctured goods
that move in world %trade today. Useful rau meterials and farn products,
on tue contrar,;, are found in uidely scztitered locations arosund the globe.
Adas S.iith's classical econom ¢ theory proposes that vorld trode consists
of rau uterials moving from underdeveloped nations to industrial nation§
in exchane Tor finished products moving in tne other direction. T%at kind
of trade uones indecd cxist and does indeed promote the zconomic wellare of

all parties concerned. -1-




Strangly enough, however, the most imporstant ocear commerce in terms
of value of goods moved (and freight paid) is that between the great
industrizl nations. This is most evident in the lucrative Worth~-Atlantic
trades, but the trade between Japan and tho iest Coast of the United States
is of great vitolity, too.

Perhaps the most important thing that can be =aid about world trade
is that it is growing. Various cxperts (4,5) predict that this growth will
continucat an acceleratinyg pace. A typical forecasu is thatv there wiil be
n five-fold increase in world trade during the final third of this century.
This sort of growth lecds to economies of scale in transportation (e.g.
ever~larger ships) and to cconomies of sp.ciclization (e.g. automobile
caorriers). Technical advancenents allowed by growth lead to lowered cost of
transport, which in itsclf contributes to growth in trade.

Assuming the truth of the assertion that ocean comserce will continue to
expand, how will the maritime industry respond to that demand? There will,
I believe, be two primary channels of development. Bulk carriers (by which
term I include tankers) will follow one channel, finished product carriers
(mostly cargo liners) will follow another. e shzll deal with thes. jarallel
developments in the next two sections.

BULE CARRILLS

Bulk cnrroes are usually found in enormous su,ply, which seans that
bulk cargo shivs cen take full advantage of the economies oi scale. A4
Ten-fold increase in deadweight typically reguired rou ily =2 three={old
increase in norsepover (for the sane speed). Crew complements increase
but slowly with shi, size - and so forth. 4As a consejuence, unii costs of
tounsport vary approxiwately.with the desdwelght raised to the two-thirds
po.er. «or example, on & given trade route, a 10,000 DVT tanker might have
a required freipzht rate of (U0 yen per ton, .hereass a 100,000 DWT tanker
wsuld require only 150 yen per ton (6). Telling all this to you, a Japanese
audience, naey secu ridiculous, hut there is aluays the possibility that you
‘nave been so busy doin; thinss risht that you hove never found time to
analyze the reasons for your success.

shat linits the size of bulk carriers? Initially the physical con-
struints of harbor depths or lock dimensions are felt. Those limitations
can often be escaped via offshore loading ¢nd unloading terminals. The
sdvent of larcons Corposation's slurry iron-ore carrier supsgests the poss-—
ibility of offshore terminals in the dpy bulk trudes, as well, TUlti ately,
bulk c: rrier size will be linited primarily by the demands of the transport
system in which the shiy serves. Let me explein. Je could build tankers
of such enormous capacity that the quantitative nceds of the principal
petrolews terminals could be satisfizd with a sinzle delivery per year
(or even one per decade). Obviously, such a transport system would be
unccononicnl beciuse the nocessary receiving tanks would b. so outrageously
gxpensive. (Th:s is another example of how @modern shi, desizn must be
intograted into the complete transport system). Other, oerhaps less criti-
cal constraints will be found in ocean depin limits in such key cassages as
the ialaccs wtrait. Another constraint will be in the number of dry :ocks
and construction facilities likely to be avail-ble for 2 severely limited
nuaber of extremely large ships.

In the matter of speed, we are unlikely to se¢ any spuctacular changes
intie case of bulk c.rriers. Sixteen knots is almost a universal optimum.
""he cxception is where hull costs nre exce tionally high, as in LWG carriers

(7).

In ol %tunker development, we may expect to see important developments,
sone pernzps radical, arising from public pressurcs azainst further contam=
ination from oil spills. As a start, neneuverability must be greatly improved,
and co'lisions and groundings must becoae things of the past. I do not
sug est how thuse wonders are to be mceoislished, but I =0 confident that
there are cconomically sound technologic:l solutions to the growing mencce
of »il pollution.




PINISH.LD="RODUCYT CaRiIE:S

General cargo liners and other finished-product carriers are inevit-
nhly limited in econnmic size b, the av:ilzsbility of cargo. <Yhus ue should
not cxpect the rapid trend touard large deadueights that we are experiencing
in bulk carriers. Uwenty years ago, & czrgo capacity of 19,000 tons was
congidered large. Today, Sea-Lind is buying ships of twice that capacity znd
those ships will be the biggest of their kind. So, in =z period of two decades,

while tankgr size hes increased over tuenty-fold, cargo liner size hzs merely
doubled. i.oreover, if my guess is corvect, the Sea-land ships will remain
the largest of their kind for a long time.

The question of spoed is difficult to analyze. WYoenty years sgo, the
20-knot :ariners werc the fastest cargo liners afloat. The new Sea~Land ships
with their 3%-knots indicate the prowth in speed since the advent o7 the
ieriners. Again, I should guess thot the Sea-Lind ships may well esisplish
¢ plateau in speed that will remsin unchzllenged for many years. This is a
shaky prediction, hirvever, becsusc the sclection of ssz speed is m-re a
mntte: of sales appeal than of engineering. It involves guessing about how
much enphasis future custorers w#ill put on high spced, and rore importantly,
it involves guessing .hat st-atesies your competitors may atdpot.

The present conference systen, which ignores speed in selting {reight
rates, hes been an impurtunt cctor in the trend towards higher speeds.
I sredict - wnd this muy be widhful thinking - that the confercnces will
chan_ e their ways z=nd so c-ol the cu.rent over-caphasis on speed. Unless
they do so, competition betwecn shiouners will sur:ly push speeds to such
anceononic levels that the airfreijht iniustry will be the only vinner.

Obviously, one bi: change chead wi:l be in the completion of the
revolution in cargo handling. The dajority of com erce in manufrctured gonds
will be in unitized form: pallets, containers, »re-loaded bprges, or various
combinations thereof. Differing econonmic circuasiances will encourag:
differin; solut ons, and there is little reason to believe that any one form
of unitisatiosn will croud out the others.

W ease of setsing cargo on and of £ these modern shijs will lead to
ne. concents oi operation. Transshiosoing will become fairly cow-on. Hizh
gspeed contairer ships will shuttle betueen najor ports - perhaps only one at
eanch end of . ;iven trade route. Snaller ships, often with their own deck
crones, will handle the consolidation and distributicn of cergo to secondary
ports. Similarly, tronsshipping ports (ceze ﬂaxaii) will allow important
pains in transport efficiuncy.

Break-bulk cargo ships will have a role in serving many minor trade
routes and in handling the minority of cargo that defies unitization.

i 3
They will «lso be found in the ever-changing trampin., trades.

SUIPSULLDING

‘e can expoect shinbuilding tcechnology to continue to adv.unce along
many separate, vyet initerconnected paths. Hew hull ameterials,new fabricating
methods, and new joining tochniques will «ll influence the proud art of ship
productinn. Hisher strength stecls will come to the fore, s0ssibly followed
by cluninunm alloys cnd, eventually, couposite saterials such as plastics
reinforced with high-stren;th uvhiskerei materials. In steel shins, we may
exscet to sece welding displaced by cdhesive bonding. The majority of work
in shipyards will be done out of the weather in coufortable, well-lighted
buildings. Unless this is donc, skilled shipyard workers will be in
chronically short su:ply.

The most i-iportant shipyard developments will be in the reuzlm of
engineering, planning, aind w nagesent. Glodern n .erical control ::ethods
will allow moss-productisn technigues to be applied to non-standard ships.
The design and productisn functi ns will be carefully integrated and computers
will b in widespread use for conceptual design, cost estinating, production
slanning, weight culculations, detail desisn, numerical prosramming, purchas-
ing, balling, @ne on ani on.

..3_




Coizputers will frec naval architeets and producti:n planners from past
drudgeries, allouving thea to do a moxinum amount of creative thinking. The
ultimate rewards in innovutive shiobuilding ethods are difficult to oerceive.
Wde can oniy be sure that they will exist, znd the most successfly shipyards
will be those where innovative minds are most cncouraged.

sHIP OPE.A. TOWS

£s in shipbuilding, the most impor®tant developments in ship operations
will be in the area of manuigement. Yhis will be « guiet revolution, but
wanagerial decisions will increasingly be based on znalytical, often computer-
assisted, techniques. The old relicnce on intutive judgment will never be
entirely displaced, but the move will be in that direction.

+he increasingly knotty oroblem of finding qualified sea-going uersonnel
will be attacked in different wuays. On the one extreme, some ships may be
manned by one or more omilies (as had beun done in co.stal and river craft
for centuries). At the other ¢xtrene, some shi:s will be ﬂntlrely automzted,

operating unuanned between oilot stations.

Ships, at least while in the busier harbors and approaches, will be
as carcefully controlled frou shore as are rircraflt today.  Heavigarion lights
1111 be several orders of magnitude hrijhter and turn signal indicators and
ship-to~ship tele hones will bo universal.

Protective coatings will climinute the age-old battle with corrosions
barnacles will be ermanently abiolished; roliing and nitching will be eli ip-
atedr and - perhaps - so too will fog.

ifavigation sasellites an? clectioonic deviccs 711l keep continuous track
of eucr ship's location and zutomatic correctiv: action will bo taken if the
ship stray:s fro. its proscribed course. linneuveral illty and braking capabil-
ities will be radically inproved, as will unchoring an! mooring systems.
(Hooring winches, or thneir eqguivalcent, will be¢ on the shore rather then on
the ships). Canal locks will be amechunized, zllowvin. faster, safer, domage-
free lockin., operations. Icc operations will becoune increasingly co..monplace.
Most ships will rel, on icebreaker as:-istance, but others uill b designed
to operate as independent units. This general ares is one that is wide open
to neu ideas and new. technisues. The future is hard to predict.

mAa0TCAL COURIGUAATIOHS

The natural human cravivg for ever-hisher speed affects every mode of
transport, including crchant ships. The disolzcement type hull, if pushed
past present speceds (. enerally 2 -30 knots) rapidly loses its natural attri-
butes of eficient transport. Yhoughis oi turniny to hydroplanes zre imned-
intely discouraged wvhen one ohserves tne :ntics of a planing craft in waves,.
This leads to the hydrofoil craft, which cin ho seaworthy w=nruph but is
limited in size. Hydrofoil crufit also run into precticol, materisl problums
when pushed beyond 40-50 lnots, zlthough 103 Laots mav well be prctical by
the yeas 2000, The next slternabtive o appear to bhe the eir cushion
vehicle. There wnre no technicsl tinits on the sizge of such craft, and their
speeds could cinceivably be ¢ high as 200 lnots by the end of the ceniury.
Their fatal flaw, houever, is their limited weight-1ifting capacity. Even
the captured-air-bubble variant vould apparently be unable to 1lift enough
fuel to make an ocean crogsing-at least within the next decade. Lixperts
foresee unit costs of transport in wir c.si:ion vehicles at least equal to
those of air freight. In most ocean trades, then, hydrofoil craft and air
cushion vehicles offer little tiireut to ships or aircrnft. The development
oi @« light~ueight nuclcar urﬁnulsion olant might, of course, change this
forecist. Ifcanvhile, AVCs cnd hydrofoil craft will find their uscful niche
in short ferry service, sight-s:eing bosts, crew-transport boats for offshore
stations. etec.

Subnarines can egcope storms and ice. wWhat they cannot escspe is thne
extre frictional resistance of .. subuerged uuper deck, and many pr:cticul and
humen problems inherent in subucr;red operations. Subsarines may find limited
apolicatin but are unlikely to revolutionize ocean commerce,
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Seni-submerged hulls (e.g. Litton's Trisec) ani catamarans both involve
complex,oxpensive structures. They require as-yet non-existent building and
drydocking frecilities. Like submarines, there may well be a plzce for them,
but that slace will probably not be extensive.

A1l of the foregoing provosals, cxcept perhaps the submzrine, zre
products of the urge for speed. Probubl; the best overall conclusion we
can reach is that the interface between air and water is by nzture's intent
a poor pluoce for high speed (8). :

Compoundable or hinged ships offer interesting advantages and eguizlly
interesting, but unfortunate,disadvantages. Ocean-going pushed bgryges, ke
vihether single units or flotillas, are a more proaising way of achieving
the same versatility. ilany flexible linkage systems are under c.nsideration
and some will surely prove practical. Or, perhaps, the best solution will be
to 1ift the loaded barges on board a big, seagoin: ship. But then we are
back to vhat is nov considered almost conventional przctice, and the LASH
and Scabew ships no lon cer belony in this scction on radical configurations.

AIR PRBIGHT COLPETITION

A fTeu experts (1) have boldly predicted that air freighters will drive
nerchant ships from tie seas by the year2000. I venture to predict that they
nre totally wrong. ioreover, I have every intention of waiting until then
to proclaim amy superiority as a seer. The notural transport efficicncy of
the displacement hull is simply unbeatable - as lony as we keep our high-
speced instincts under control. lLarce bullr carriers have lift-drag ratios
of well over 700, contrasted to perhaps 20 in an aircraft. Unit tvaonsport
costs in a large tanter are only cbout one-tenth of o cent per ton-nile,
against perhaps 20 cents per ton-mile in ar aircraft. 45 a result, in U.S.
overseas trade, to cite an example, sihips curry 95.9» of the cargo by weight.
It is true that aircraft are attracting an increasing share of the highest
value cargo. <LThey are, agein citing U.S. figures for example, capturing
about 1% of the U.S. overseas freight revenues. I predict, however, that
the cneroachment will level out to perhaps 0.5% b weight and 25° by revenue
by the year 2000.

We arce in an era, I believe, where ships are improving faster than
aircraft. While the =aritime industry of the world is enjoying a techno-
logical renasissance, the air industry has diverted its best breins and
research dollars to thc uspace nrogram, the super-sonic transport, and other
essentizlly uneconomic pursuits. “ven if I wm wrong in this,let us not
for; et that any inroocds made by air freishters will be more thaon offset
by the absolute growth in total overscas transport needs. We can feel
confident in the continuing and, indeed, exoanding role of the ..erchant
shiy in tomorrou's world.

HARTIZT E TEC: iOLOGIGAL PiOGHESS.

As already implied, in the world of ocean transport, the displacempht
ship is here to stay. the truly sipnificant areas of progress lie not so
much in eye-catching radical configurations as in evoluticnary improvements
in conventional ships. ‘e have already aenti ned new shiphuilding ms teriuls,
and new concepts in fleet oserations. e may confidently sxpect similar
progress in scveral other technological categorics such as propulsion
machinery and navigation systems. A4As aluzsys, much of our progress will
flou {rom the several technolojics that rellte to tihe marine industry.

Part of our task, then, is to keep zbreast of developments in many fiélds -
and to welcome idcas from innovative thinkers in those fields, as well,

je shall see continuing improvements in 21l monner of wnalytical

tochnigues. Ship structural loading wiil be better understood, a lowing
izportant reductions in scantlings, in weishts, and in costs. Vibratiogs
will he eliminated. Hydrodynamicists will come to understand the physical
act on of hull uave generation, leading to continuing inproveaments in hull
from and o lessening reliance on enpiriczl model bhasin rescrrcih. bystems
analysts will improve their trade. Among other zdvances, they will develop
new cost estimating methods necesszry to rati nal decision making in

ship design.

L
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In the area of propulsion .achinery, steas turbines and diesels will
continue their vigorous competition. Gus turbines and, cverturlly, nuclear
olanvs will «lso find application, we nay, verhaps, experiment with a
return to sail propulsion (9). iiodern - erodynomic theory, new lightweight
muterials, mechznicil reefing systeus, and weather routing all indicate
the possible ccononic potentiul of = modern wind-driven bulk-czrgo ships.
The thousht is not at all reactionary and deserves consideration.

iew dredging systens will probably come into being, Tuis will
cncourage further growth in ship size and in the provision of new iLarbors
and cunals.

few end improved pliant plastic meterials may lead to a revival of
interest in the doacone (oil-filled bladuer). Plastic bladders may be
used, also, as a ueans of separating oil and water in deep tanks.

Certainly, we cannot possibly foresee =11 the developnents that will
take place. +hat ue can foresee, howuver, is - ccelerating change. One
result will be that optimal ship life will continually decrease, leading
to increased shioyu.rd prosperity. It also follows that brain-po.er ~nd
innovative managencent will become increasingly necessary to survival in
this highly competitive world. +‘hat leads us then to the final section,
which follous. :

THE T PRERBAUISITLS TO La0GHESSH

J.J. 3ervan-dchrciber in his book The aimerican Challenge (10)
revenls th. scceret of erica's industrial strength in these words:

Behind the success story of American industry lies the talent
for accepting and anstering change. Technological advance
depends on virtuosity in management. Both are rooted in the
dynamic vigor of American educatisn. Yhere is no miracle ot
work here. america is now sceaping o stagzgering profit from
the wsiost profitable invaesiment of all - the educwtion of

its citizens.

Peter oOrucker (1) puts it this ways

e.. kno:ledge has ulready become the central cost of the
americarn economy. The productivity of knouled; . hzs already
becomz the key to productivity, competitive strength, and
economic achievenment.

But the statistics, iamprossive though they :re, do not reveal
the important thing. hat sotters is that knowledge has become
the central "factor of production" in an advanced, developed
CCHNOINY »

Observers oi the interastional wmorine indastry, such as ¥.H. Tcdd
(11), ooint out that educi.tion hes indeced played a role in acritime
conpetitive success. +he lealersiip in marine-related educatisn has
aot come from the Unitued States, nowvever. It hos come from such muritime
nations as Japan and Noruay. The success of the Japancse shipbuilding
and Morwegian ship operating industries is = tribute to their under-
standing of the catalytic effect of educ:tion.

Annther ingredient of technological progress is, of course, research
snd development. The nore progreswive industires in the United States
out at least two .ercent of their a:nual budget into R&D; aany of them
put considerably more. The importonce of D in maintaining & competitive
position i: so obvious as to seem cardly vorth mentioning. Yet the fact
repmains that many maritime nations, mony shinsowners, zn.l many shipyards
spend little ovr wothing on R . They are on the road to disaster.

In the chansing decndes ahead, the nations and the private or -an-
izat ons that survive in the naritine business world will be the oncs
tha i encourage isnovation, cducatin, and research and dvelopgent.
The successful business munagers will not on:.y learn to live With wlie

change, they will wctively induce it. )

—6-




And they can only induce it if they ore backed by a large, competenf team
of well-cducated, incovative engineers and young managers = what
Galbraith (12) calls the techno-structure.

In short, educate nand innovate, or step aside in favor oi those
vho will.
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